Oligodendrocytes (OLGs) 1 are myelin-forming cells in the mammalian central nervous system. OLG survival is affected by trophic factors secreted from astrocytes (1, 2) , axonal contact, and the electrical activity of axons (3) during development. In addition to this developmentally controlled system, OLG cell death is frequently observed in the white matter of the lesions accompanying multiple sclerosis (MS), experimental autoimmune encephalomyelitis (4 -6) , and spinal cord injury (7) (8) (9) (10) .
MS is the most common autoimmune disease of the central nervous system. In this disease, activated T cells are able to cross the damaged blood-brain barrier and then migrate into the central nervous system, where they initiate inflammation as well as tissue injury. The T cells, microglia/macrophages, and astrocytes in turn produce cytokines such as tumor necrosis factor (TNF)-␣, lymphotoxin, and interferon-␥. Lymphotoxin and TNF-␣ are present in MS plaques (11) , and the encephalitogenicity of T cell clones is correlated with their production of lymphotoxin-␣ and/or TNF-␣ (12) . TNF-␣ is thought to be one of the most important inflammatory cytokines associated with MS. The down-regulation of TNF-␣ by the phosphodiesterase type IV inhibitor rolipram is effective in reducing the progression of demyelination in experimental autoimmune encephalomyelitis, an animal model for autoimmune-mediated demyelination disease (13) . Studies showing the inhibition of experimental autoimmune encephalomyelitis symptoms by antibodies to TNF-␣ also support a pathogenic role for this cytokine (14, 15) . Cell culture experiments show that OLGs are sensitive to TNF-␣-mediated cytotoxicity (6, 16 -18) . TNF-␣-induced cell death is executed by the activation of caspases, which are the common mediators of programmed cell death (19, 20) . The administration of TNF-␣ to primary cultures of OLGs induces DNA fragmentation and significantly decreases the number of live OLGs. The chemical inhibitors acetyl-Tyr-Val-Ala-Asp-aldehyde (a specific inhibitor of caspase-1 (interleukin-1␤-converting enzyme)-like proteases) and acetyl-Asp-Glu-Val-Asp-aldehyde (a specific inhibitor of caspase-3 (CPP32)-like proteases) and the baculovirus caspase inhibitor p35 enhance the survival of TNF-␣-treated OLGs, suggesting that caspase-mediated cell death pathways are activated in TNF-␣-induced OLG cell death (6, 18) . Among the neurotrophic factors, nerve growth factor (NGF) and ciliary neurotrophic factor levels have been shown to increase in the cerebrospinal fluid of patients affected by MS (21, 22) . Up-regulation of these neurotrophic factors seems to be one of the defense mechanisms of neural cells against the inflammatory response in MS. Thus, it is important to evaluate the anti-apoptotic function of these cytokines for OLGs in MS and experimental autoimmune encephalomyelitis. Ciliary neurotrophic factor has been shown to protect against TNF-␣-induced OLG cell death in vitro (23, 24) . However, an antiapoptotic function of neurotrophins in TNF-␣-induced OLG cell death has not been shown.
Most studies of neurotrophin action have focused on their survival-and differentiation-inducing effects on neurons. The neurotrophin family consists of NGF, brain-derived neurotrophic factor, neurotrophin (NT)-3, NT-4/5, and NT-6. Neurotrophins trigger a variety of biological responses, including cell proliferation, differentiation, and survival (25) . The signal transduction pathways of neurotrophins are mediated through two transmembrane glycoproteins, the Trk receptor tyrosine kinase family (25, 26) and the p75 low-affinity neurotrophin receptor (27) . The expression of p75 increases the tyrosine phosphorylation of TrkA in sympathoadrenal cells (28) , and p75 participates in forming high-affinity binding sites for NGF together with TrkA (29, 30) . The binding of NGF to TrkA on the cell surface causes receptor dimerization and leads to the activation of the intrinsic tyrosine kinase activity of TrkA (31) . NGF promotes cell survival by activating the phosphatidylinositol 3-kinase (PI3K)/Akt and Ras/mitogen-activated protein kinase signaling pathways (32) (33) (34) .
In this study, we thought to determine whether neurotrophins could protect OLGs from the cell injury mediated by TNF-␣. We examined the expression of Trk receptors and p75 in cultured rat OLGs and found that p75 and TrkA, TrkB, and TrkC are expressed in these cells. TNF-␣-induced OLG cell death was most effectively prevented by NGF. Astrocyte-conditioned medium (ACM) could also prevent TNF-␣-induced OLG cell death, and a neutralizing antibody against NGF partially inhibited the anti-apoptotic effects of ACM, suggesting that NGF is a physiological anti-apoptotic factor produced by astrocytes. NGF prevented the loss of mitochondrial membrane potential (LMP) by TNF-␣. Overexpression of constitutively active Akt, one of the downstream targets of PI3K, in OLGs effectively prevented both the TNF-␣-induced LMP and cell death, but overexpression of constitutively active MEK did not. Furthermore, overexpression of dominant-negative Akt negated the protective effects of NGF on TNF-␣-mediated OLG cytotoxicity. Our results are the first to show that activation of the Akt signaling pathway can prevent the OLG cell death induced by TNF-␣.
MATERIALS AND METHODS

Primary Cultures and Induction of Cytotoxicity in OLGs-Primary
cultures of OLGs were prepared from whole rat brains harvested on embryonic days 17ϳ19. The meninges were completely removed from the brains in a dish containing Hanks' balanced salt solution (Life Technologies, Inc.). The brains were then minced quickly with Hanks' balanced salt solution containing trypsin/EDTA solution (0.01% trypsin and 0.1 mM EDTA; Life Technologies, Inc.) and incubated in a CO 2 incubator (37°C, 5% CO 2 ) for 5 min. The cells were then spun at 1000 rpm for 5 min, and the pellet was resuspended in Dulbecco's modified Eagle's medium containing 20% FBS (Life Technologies, Inc.) and antibiotics (penicillin/streptomycin at 100 units/ml and 0.1 mg/ml, respectively). The suspended cells were transferred to flasks (two to four brains/75-cm 2 flask) and cultured for 12ϳ15 days. Numerous pre-O2A progenitor clusters appeared, overlying a confluent layer of astrocytes. The flask was shaken by hand 40ϳ60 times to release the progenitors into the medium. The medium was filtered through a cell strainer (pore size of 40 m; Falcon) to eliminate lumps of feeder cells. The filtered suspension was transferred to culture dishes (Corning) and incubated in a CO 2 incubator for 45 min to allow microglia and type 1 astrocytes to attach to the dish. Progenitors were collected by centrifugation at 1000 rpm for 5 min. The cell pellet was resuspended with differentiation medium (Bottenstein Sato (BS) medium) (35) containing 2% FBS and transferred onto 12-or 24-well dishes containing poly-L-lysine (Upstate Biotechnology, Inc.)-coated micro-coverslips (Matsunami). Mature OLGs were obtained by culturing OLG progenitors in BS medium containing 2% FBS for 4 days and used to test the effects of cytokines. Mouse NGF (Upstate Biotechnology, Inc.), brain-derived neurotrophic factor (Amgen), or NT-3 (Amgen) was administered to OLGs cultured in BS medium containing 2% FBS simultaneously with 100 ng/ml human recombinant TNF-␣ (Sigma).
Rat astrocytes were cultured in BS medium containing 2% FBS and incubated for 3 days, and the medium was used as ACM. NGF-neutralizing antibody (Roche Molecular Biochemicals) was added to ACM together with TNF-␣, and the mixture was used to examine the effect of NGF in preventing TNF-␣-induced injury to OLGs.
Immunocytochemical Detection of Oligodendrocytes-Cells were fixed with 4% paraformaldehyde in PBS for 10 min and then permeabilized with 0.1% Triton X-100 in PBS for 10 min. Cells were blocked with blocking buffer (10% normal goat serum and 0.1% skim milk in PBS) for 60 min at room temperature. The samples were incubated with rabbit anti-myelin basic protein (MBP) antibody (1:500 dilution) at room temperature for 90 min and then washed with PBS three times. Anti-MBP antibody (BP-7) was produced by immunizing a rabbit with purified mouse MBP (18) . Samples were incubated with alkaline phosphatase-conjugated anti-rabbit immunoglobulin G (1:500 dilution; Chemicon International, Inc.). Samples were then incubated with substrate solution (0.1 M Tris (pH 9.5), 0.15 M NaCl, 10 mM MgCl 2 , 0.2 mg/ml 5-bromo-4-chloro-3-indolyl phosphate, and 0.3 mg/ml nitro blue tetrazolium chloride; Roche Molecular Biochemicals), and the number of OLGs was counted under an Olympus microscope. For double labeling, OLGs on coverslips were fixed, permeabilized, and blocked as described above. The samples were incubated with polyclonal anti-p75 (1:500 dilution; Promega), anti-TrkA, -TrkB, or -TrkC (1:500 dilution; Santa Cruz Biotechnology), or anti-phospho-Akt (1:200; New England Biolabs Inc.) antibody together with monoclonal anti-CNPase antibody (1:200 dilution; Sigma) at 4°C overnight and then washed with PBS three times. For anti-phospho-Akt antibody staining, OLGs were permeabilized with ethanol for 1 min at Ϫ20°C. Samples were incubated with rhodamine-labeled anti-rabbit IgG (1:200 dilution; Chemicon International, Inc.) and fluorescein isothiocyanate-labeled anti-mouse IgG (1:200 dilution; Chemicon International, Inc.). Samples were mounted (PermaFluor TM aqueous mounting medium, Shandon-Lipshaw) and examined with an Olympus laser scanning microscope (LSM-GB200).
Mitochondrial Membrane Potential Assay and Propidium Iodide Staining-OLGs were plated onto poly-L-lysine-coated 24-well dishes with BS medium containing 2% FBS (400 l/well) and treated with NGF (100 ng/ml) and TNF-␣ (100 ng/ml) for 3 h. MitoTracker Red CMXRos (25 nM; Molecular Probes, Inc.) was added to the culture medium, and the MitoTracker-positive OLGs were viewed by fluorescence microscopy (Olympus IX70) and counted. For propidium iodide staining, TNF-␣ with or without NGF was administered to 24-well dishes of OLGs and incubated for 36 h. Then, MitoTracker Red CMXRos and propidium iodide (2 g/ml; Molecular Probes, Inc.) were added to each well and incubated for 5 min. Propidium iodide-stained OLGs as dying cells were counted in one-quarter area of each well.
Construction of Adenoviral Vectors-The cDNA fragments composing the entire coding regions of human MEK1 and human AKT1 were isolated from HEK293 cDNA by polymerase chain reaction. Constitutively active MEK, which lacks the nuclear export signal (amino acids 30 -51) (36) and has two glutamic acid substitutions at phosphorylation sites Ser 218 and Ser
222
, was prepared by site-directed mutagenesis as described previously (37) . Constitutively active Akt (myr-Akt), which lacks the pleckstrin homology domain (amino acids 4 -129) but has an Src myristoylation signal sequence (MGSSKSKPKDPSQRR), was also prepared by polymerase chain reaction (38) . Constitutively active MEK (da-MEK) was subcloned into pAxCAwt (39) , an expression cosmid cassette that was created from the human type 5 adenovirus genome from which the E1A, E1B, and E3 regions were deleted and replaced with an expression unit under the control of the CAG promoter (40) . The myr-Akt fragment was subcloned into pAxCALNLw, a Cre-inducible expression cassette (41) . Akt-AA (Akt T308A/S473A), which contains a hemagglutinin tag at its N terminus and works as a dominant-negative mutant of Akt (42), was kindly provided by Dr. M. Kasuga (Kobe University). This fragment was also subcloned into pAxCALNLw. The recombinant adenoviral vectors AxCAda-MEK, AxCALNLmyr-Akt, and AxCALNLAkt-AA were constructed by the COS-terminal protein complex method (39) . The viral titers were determined by a plaque-forming assay in HEK293 cells. AxCANCre and AxCALacZ (43) were kindly provided by Dr. I. Saito (University of Tokyo).
Adenovirus Infection of OLGs-OLGs were plated at 5 ϫ 10 4 cells/ well with BS medium containing 2% FBS and cultured for 4 days as described above. The mature OLGs were infected with both AxCALNLmyr-Akt (10 6 pfu/ml) and AxCANCre (3 ϫ 10 5 pfu/ml) or with either AxCAda-MEK (10 6 pfu/ml) or AxCALacZ (10 6 pfu/ml) and maintained for 24 h. The mature OLGs were also infected with both AxCALNLAkt-AA (10 6 pfu/ml) and AxCANCre (3 ϫ 10 5 pfu/ml) and maintained for 24 h. The infected cells were treated with 100 ng/ml TNF-␣ alone or together with 100 ng/ml NGF for 3 days, and then the number of OLGs was determined by staining with anti-MBP antibody as described above. To examine the effects on the LMP, cells were stained with MitoTracker Red CMXRos 3 h after TNF-␣ (or TNF-␣ and NGF) administration.
Western Blotting-OLGs were infected with 10 6 pfu/ml recombinant adenovirus for 24 h and then lysed with SDS sample buffer and boiled for 5 min. Protein samples were fractionated by electrophoresis on a 12.5% SDS-polyacrylamide gel and electrotransferred to an Immobilon-P membrane (Millipore Corp.) at 80 mA for 2 h. The membrane 
RESULTS
Multiple Trk Receptors and p75 Are Expressed in Cultured
OLGs-OLGs that had differentiated from OLG progenitor cells in rat mixed glial cell culture were used. OLG precursor cells were separated from the astrocyte monolayer by shaking the culture flask by hand, and they were then transferred to BS medium containing 2% FBS. OLG precursors differentiated into CNPase-positive mature OLGs within 2-4 days after transfer. Since OLGs start to die spontaneously after 7 days in culture, we used OLGs cultured in BS medium containing 2% FBS for 4 days for most of this study. To characterize the neurotrophin receptors expressed by OLGs under our culture conditions, we performed immunocytochemical staining. OLGs expressed both of the low-affinity NGF receptor p75 and TrkA (Fig. 1) . In addition to these NGF receptors, TrkB and TrkC were also present in our OLG preparation.
TNF-␣-induced OLG Cell Death Is
Prevented by NGF-OLG cell death was induced by 100 ng/ml TNF-␣ given for 3 days ( Fig. 2A) , which is similar to the dose of TNF-␣ that kills mouse OLGs (6, 18) . Most of the OLGs were detached from the dish, and the total number of OLGs identified by anti-MBP antibody immunostaining was dramatically reduced at this stage (Fig.  2C) . At 36 h after TNF-␣ administration, most of the OLGs still remained on the dish. To study the changes in the number of dying OLGs, we stained OLGs with propidium iodide because it is taken up only by dying cells (Fig. 2B) . Dying OLGs were markedly increased in the TNF-␣-treated dishes (Fig. 2B) . We then examined whether neurotrophins could prevent TNF-␣-induced OLG cell death. Among the neurotrophins tested, NGF most effectively prevented the OLG cell death induced by TNF-␣ (Fig. 2, B and C) , with almost complete prevention occurring with 100 ng/ml NGF. Both brain-derived neurotrophic factor and NT-3 could partially prevent TNF-␣-induced OLG cell death, but their protective effects were much smaller than those of NGF.
In mixed glial cell cultures, TNF-␣ did not kill OLGs as efficiently as in pure OLG cultures (data not shown). Thus, astrocyte-derived trophic factors might have prevented TNF-␣-induced OLG cell death. Furthermore, when purified OLGs were cultured in ACM, most of the killing activity of TNF (100 ng/ml) was eliminated (Fig. 3) . Since astrocytes are known to secrete NGF in the central nervous system (44 -47), NGF could be one of the astrocyte-derived trophic factors preventing TNF-␣-induced OLG cell death. This possibility was supported by the observation that the trophic effect of ACM was partially prevented by the addition of an NGF-neutralizing antibody (Fig. 3) . ACM contains a number of cytokines, including ciliary neurotrophic factor (48) . It is possible that ciliary neurotrophic factor or other factors can also prevent OLG cell death by TNF-␣. Collectively, these data suggest that NGF might protect against TNF-␣-induced OLG cell death under physiological conditions.
NGF Prevents the Loss of Mitochondrial Membrane Potential by TNF-␣ in Cultured
OLGs-Among the subcellular events that are commonly observed during cell death, accumulating evidence supports a pivotal role for mitochondrial changes in bringing about cell death (49) . These changes include the LMP, the mitochondrial membrane permeability transition, and the release of mitochondrial proteins such as cytochrome c and 
FIG. 2. Effects of NGF on TNF-induced OLG cell death.
A, primary cultured OLGs were incubated for 72 h with or without 100 ng/ml TNF-␣ and 100 ng/ml NGF and then fixed and stained with anti-MBP antibody. TNF-␣ administration dramatically reduced the number of OLGs stained by the anti-MBP antibody, and NGF prevented the reduction of the number of OLGs by TNF-␣. Scale bar ϭ 30 m. B, cultured OLGs were incubated for 36 h with or without 100 ng/ml TNF-␣ and 100 ng/ml NGF, and then MitoTracker and propidium iodide (PI) were administered to each culture well. Nuclei of dying OLGs were identified by propidium iodide staining. Dying OLGs were counted in one-quarter area of each well. Relative percent of dying cells is expressed as the mean Ϯ S.E. (bars). Data were collected from six independent experiments. C, shown are the results from the NGF rescue of TNF-␣-induced OLG cell death. The proportion of live OLGs was calculated by counting MBP-positive OLGs. TNF-␣ and neurotrophins were administered to OLG cultures, which were then fixed ϳ72 h later. In each experiment, the MBP-positive OLGs collected from each independent well were counted, and relative viability is expressed as the mean Ϯ S.E. (bars). Data were collected from three independent experiments. BDNF, brain-derived neurotrophic factor. apoptosis-inducing factor, which induce apoptosis (7, 50, 51) . Once cells are stimulated by TNF-␣, rapid LMP and membrane permeability transition have been observed (52, 53) . To test whether the LMP lies on the TNF-␣-induced cell death pathway in OLGs, we stained OLGs with a mitochondrion-selective, mitochondrial membrane potential-dependent dye, MitoTracker (54, 55) , with or without TNF-␣ treatment. As shown in Fig. 4A , the OLG cell bodies and processes were well stained by MitoTracker. In contrast with untreated control cells, MitoTracker staining was dramatically reduced 3 h after treatment of OLGs with TNF-␣ (Fig. 4C ). This result indicates that TNF-␣ induced the LMP in cultured OLGs. We then examined whether or not the addition of NGF would affect the LMP induced by TNF-␣. When NGF was administered to OLGs simultaneously with TNF-␣, no LMP was observed (Fig. 4, D  and E) . These results strongly suggest that NGF protects against TNF-␣-induced OLG cell death upstream of the LMP.
NGF Can Be Replaced by the Expression of Constitutively Active Akt in OLGs-
The Akt protein kinase is activated by a variety of trophic factors via a PI3K-dependent pathway (32) (33) (34) . To examine the function of Akt in NGF-mediated prevention of the LMP induced by TNF, we tested whether endogenous Akt was stimulated in OLGs treated with NGF. After 30 min of NGF stimulation, OLGs were clearly positive when stained with an antibody specific for phosphorylated Akt (active form of Akt) (Fig. 5C ). Treatment with 10 nM LY294002 or 1 nM wortmannin, both specific inhibitors of PI3K (56, 57) , reduced the NGF-stimulated activation of Akt (Fig. 5, E and G) , suggesting that Akt is one of the downstream targets of PI3K in NGF-stimulated OLGs.
A form of Akt lacking the pleckstrin homology domain but containing a membrane-targeting Src myristoylation sequence at its N terminus (myr-Akt) is constitutively active in the absence of stimuli normally required for PI3K activation (38) . To examine whether activated Akt is sufficient to protect OLGs from TNF-induced LMP, we expressed this constitutively active Akt (myr-Akt) in OLGs by adenovirus-mediated gene transfer and then treated the cells with TNF-␣ (Fig. 6, A and  B) . Infection with adenovirus at a titer of 10 6 pfu/ml led to almost 100% expression of the introduced genes (Fig. 6C) . Overexpression of myr-Akt effectively prevented the LMP induced by TNF (Fig. 6D) . In contrast, the expression of the active form of MEK (da-MEK) in OLGs by adenovirus-mediated gene transfer did not show any effect on the LMP induced by TNF-␣ (Fig. 6D) . The Akt T308A/S473A mutant (Akt-AA) works as a dominant-negative form of Akt (42) . Overexpression of dominant-negative Akt negated the protective effects of NGF on the LMP induced by TNF-␣ (Fig. 6D) , suggesting that the effect of NGF requires Akt activation. We then examined the effects of recombinant adenovirus infection on OLG viability. Infection with adenovirus at a titer of 10 6 pfu/ml reduced the viability of the OLGs after longer incubations (myr-Akt virus, 68% viability; da-MEK virus, 46% viability; Akt-AA virus, 60% viability; and LacZ virus, 39% viability) (Fig. 6E) . Since rodent OLGs are fragile in vitro, OLG cell death seemed to be accelerated by adenovirus infection under our experimental condition. TNF-␣ administration drastically reduced the viability of da-MEK (or LacZ) virus-infected OLGs. In contrast, myr-Akt virus-infected OLGs showed significant resistance to TNF-induced cell death (Fig. 6E) . Overexpression of dominant-nega- tive Akt negated the protective effects of NGF on TNF-␣-induced cytotoxicity (Fig. 6E) . These results strongly suggest that NGF exerts its effects, at least in part, via the PI3K-regulated pathway that involves Akt (Fig. 7) .
DISCUSSION
In this study, we have shown that TNF-␣-induced OLG cell death can be efficiently prevented by NGF. We also provide the first evidence that activation of the Akt (but not the MEK)-mediated signal transduction pathway can prevent the OLG death induced by TNF-␣. Neuronal cell survival by neurotrophins requires the activation of Trk tyrosine kinase, which transduces signals via a Ras-dependent pathway and leads to the activation of the mitogen-activated protein kinases (58) and PI3K (59) . The p75 receptor forms high-affinity binding sites with TrkA, and this receptor complex can lower the concentration of NGF required for signal transduction (60) . Without TrkA expression, p75 can act as an inducer of apoptosis in mature rodent OLGs (61), but not in mature human OLGs (62) . The cell death-inducing activity of p75 may occur through the activation of ceramide production, nuclear factor B, and c-Jun N-terminal kinase (61, 63, 64) . Activation of TrkA in OLGs negates the cell death mediated by p75 (65) , suggesting that the expression levels of TrkA and p75 determine the rodent OLG response to NGF. TrkA expression has been demonstrated in mature OLGs (66, 67) , and NGF enhances the survival of differentiated OLGs (67). Since we also confirmed the expression of both TrkA and p75 in OLGs, it is likely that NGF can enhance OLG survival in vivo.
Studies in PC12 cells suggest that the extracellular signalregulated kinases are involved in the survival signals mediated by NGF (68) . However, in primary sympathetic neurons, inhibitors of mitogen-activated protein kinase kinase-1, an upstream activator of extracellular signal-regulated kinases, do not block NGF-mediated survival (69, 70) . Accumulating evidence suggests that trophic factors that activate PI3K and Akt attenuate various forms of cell death (71) (72) (73) (74) (75) . PI3K signaling is required for the survival of OLGs and their precursors (76) . PI3K/Akt signaling results in the phosphorylation of Bad and suppresses its pro-apoptotic function (77, 78) . Ceramide is one of the lipid second messengers generated by TNF stimulation (79) . Ceramide down-regulates PI3K, resulting in the inhibition of Akt and decreased phosphorylation of Bad (80) . Furthermore, Akt can phosphorylate caspase-9, which inhibits its protease activity (81) . Although the expression of activated forms of Akt (v-Akt or myristoylated Akt) results in enhanced survival, the expression of a dominant-negative form of Akt accelerates cell death upon serum deprivation or differentiation (82) . Akt has also been shown to be sufficient for the survival of NGF-dependent sympathetic neurons (73, 74, 83) . Akt activation is sufficient to inhibit the release of cytochrome c from mitochondria (84) . Our present data clearly suggest that the Akt-mediated signal transduction pathway stimulated by NGF effectively prevents both the mitochondrial damage and the cell death induced by TNF-␣ in OLGs. Since TNF-␣-induced apoptosis can be prevented by fibroblast growth factor-2 in L929 cells (85) and by NGF in PC12 cells (86) , the activation of Akt might be a general mechanism for preventing TNF-␣-induced cell death. In TNF-resistant cells, TNF stimulates nuclear factor B activation as well as phosphorylation of Bad through the PI3K/Akt pathway (87, 88) . These results suggest that PI3K/Akt signaling is also crucial in cellular responses against TNF-mediated cell survival. OLGs were infected with recombinant adenovirus for 24 h, and then OLG lysates were prepared and analyzed by Western blotting. A, constitutively active Akt (myr-Akt) and dominant-negative Akt (Akt-AA) were detected by anti-hemagglutinin antibody (anti-HA). Constitutively active MEK (da-MEK) and ␤-galactosidase (LacZ) were detected by anti-Myc and anti-␤-galactosidase (anti-␤-gal) antibodies, respectively. B, the OLG lysates used in A were examined using anti-phospho-Akt antibody. C, shown is the expression of LacZ in OLGs 24 h after infection of recombinant adenovirus (10 6 pfu/ml). OLGs were stained with anti-␤-galactosidase antibody. Almost all OLGs express the transgene. Similar results were obtained using myr-Akt, Akt-AA, and da-MEK recombinant adenoviruses (data not shown). D and E, OLGs were infected with recombinant adenovirus for 24 h, and the LMP (D) and cell survival (E) were measured as described in the legends to Figs Increased levels of NGF are seen in the cerebrospinal fluid of patients affected by MS (21, 22) . Akt phosphorylation is highly increased in the hippocampal region after transient cerebral ischemia (89) . The up-regulation of NGF and the phosphorylation of Akt appear to be one of the mechanisms by which neural cells defend themselves against the inflammatory response in MS and ischemia, respectively. The ability of NGF to prevent TNF-␣-induced OLG cell death suggests that NGF administration might be used therapeutically to protect OLGs from the damage caused by MS.
